Neighborhood quality is an important attribute of housing yet its value is rarely known to researchers. We argue that changes in nearby foreclosures reveal changes in neighborhood quality. Thus estimates of the hedonic price of nearby foreclosures provide a glimpse of values that people hold for local neighborhood quality. The empirical models include controls for both spatial dependence in housing prices and in the errors. The estimates indicate that nearby foreclosures produce externalities that are capitalized into home prices--an additional foreclosure within 250 feet of a sale negatively impacts selling price by approximately $1,666, ceteris paribus. 1 We wish to thank Nathan Berg, Magnus Lofstrom and two anonymous reviewers for helpful comments. 
Introduction
"Neighborhood quality" is a local public good that impacts housing values. Houses in "good" neighborhoods command higher sale prices than those in "bad" neighborhoods and neighborhoods in decline often exhibit similar signs of low neighborhood quality; e.g., poorly maintained properties and higher foreclosure rates. In contrast to other housing characteristics such as the square feet of living area or the average test scores at the nearest elementary school however, the value of a home's neighborhood quality is not readily observed. Thus, there is little quantitative information on the relative magnitude of neighborhood quality on home values. The purpose of this paper is to use the theoretical link between foreclosure events and neighborhood quality to specify a hedonic model that reveals the full price impacts of foreclosures on a particular housing market. Our goal is to control for price trends over time and space in order to specifically (through the estimation of foreclosure price impacts) identify the potential loss in home values, a non-pecuniary externality, due to reductions in the supply of neighborhood quality.
By finding a significant monetary impact of foreclosure events on neighborhood home values, even after controlling for local prevailing trends in home prices, we provide rational for a closer inspection of the role of foreclosure on neighborhood quality. By reducing neighborhood quality, foreclosure events might have real, long-term impacts on neighborhoods.
Furthermore, reductions in neighborhood quality--a local public good--suggest that the social willingness-to-pay for prevention measures that is greater than the private costs incurred by individuals during foreclosure. Thus, there may be efficiency reasons for public policy aimed at reducing foreclosures and for preserving neighborhood quality in the face of foreclosures, perhaps by attacking the degradation of neighborhood quality directly.
We define neighborhood quality as a public good that is produced by neighbors who enhance (or fail to enhance) their lawns, trim their trees (or fail to trim them), maintain their structures (or do not maintain them), etc. These behaviors by people living in close proximity to each other generate spillover costs and benefits to their neighbors. The impact of neighborhood quality and the set of contributors are bounded spatially. However, these spatial boundaries are not necessarily equal. For instance, a property owner who lives a quarter mile from my house may contribute to the neighborhood quality at my house, but that same distant property owner may also contribute to the neighborhood quality of even more distant places that have no effect on me. In other words, each house has, potentially, a different neighborhood definition--its definition ``slides'' as different houses are examined (Dubin, 1992 and Paez, Long and Farber, 2008) . Usually, very local public goods, such as neighborhood quality, are unobserved and provide a rationale for specifying models with spatially dependent errors or prices to control for unobserved differing provision levels (Can, 1992) . However, this does not allow for any measurement of the value of these local public goods. Rosen (1974) provides a logical framework for using urban housing markets to reveal estimates of the marginal value (hedonic price) of traditionally un-priced goods like local neighborhood quality. However, if the hedonic approach is going to work, there must be some variation in the level of provision and, of course, there must be a way to measure that level.
Our behavioral model suggests that foreclosures stifle incentives to contribute to neighborhood quality and, therefore, cause changes in neighborhood quality; hence, the neighborhood cost of foreclosure may be attributed to the cost associated with decreased neighborhood quality. We create geographies for local neighborhoods by using distances of 250, 500, 1000 and 1500 feet from the parcel of interest. This approach facilitates a definition for sliding neighborhoods as well as tests of the spatial reach of foreclosure externalities.
The remainder of this paper is divided into five sections. Section 2 reviews the literature on the effects of foreclosure. Section 3 presents a theoretical model whereby individual incentives for investing in neighborhood quality are explicitly defined. Section 4 describes the data, while Section 5 describes the estimations and empirical results. Finally, section 6 contains concluding remarks.
Foreclosure Studies and Policy
Homeownership is an issue of increasing importance across the United States. Affordability products 2 paired with an emergence of more customized mortgage pricing 3 2 "Affordability" products include subprime loans or mortgages with interest only and payment option features.
3 According to the literature review in Edelberg (2003) , in 1995 bank regulators implemented more stringent measures of CRA (Community Reinvestment Act) compliance that motivated the development of technology to facilitate lending in high-risk neighborhoods. This motivation along with decreasing costs of information storage and computing power resulted in innovations in credit pricing. In 2006, the number of US households with housing costs accounting for greater than 30% of income reached a historic high of 37.3 million households (Joint Center for Housing Studies of Harvard University, 2007), indicating that with the increases in homeownership came increasing rates of potential default. In fact, foreclosure rates climbed beginning in early 2005 (Gaines, 2007) .
The costs associated with foreclosures include costs to the individual in default, the institution holding the failed mortgage, and any negative externalities in the neighborhood of the foreclosed property. The impact of foreclosures on the individual or institution holding the failed mortgage has been studied (see Capone, 2001 and Kau and Keenan, 1995 for a review of mortgage modeling); but the neighborhood externalities of foreclosures have not been fully explored. These negative externalities represent a societal cost of foreclosures that, if not fully assessed, may be ignored by policy makers. Additionally, to the extent that foreclosure is a result of an optimal exercise of the default option, one foreclosure may trigger additional foreclosures because neighborhood externalities lower the put-option value of other properties in the neighborhood.
Foreclosure is the result of a process that lasts at least 60 days and most often significantly longer. When the homeowner fails to pay their mortgage for more than 60 days the property is considered to be in default. Once default status is triggered, the holder of the failed mortgage may act to foreclose on the property. In Texas (the location for our study), there are two methods for foreclosing on a property: judicial and non-judicial. A judicial foreclosure must be enacted when no power of sale is explicitly stated in the mortgage document. In this case, the mortgage holder must file a lawsuit and obtain court approval to foreclose on the property. The property may then be put up for auction. A non-judicial foreclosure is allowed when the power of sale is included in the mortgage document and unless otherwise stated involves the property owner being given a 20 day grace period to get current on their mortgage payments and an additional 20 day notice before the foreclosed property is auctioned (United States Foreclosure Law, 2007) . Given the events that must occur between the time a homeowner stops making mortgage payments and the foreclosed home is repurchased by a new owner, there is a considerable length of time during which the condition of the property is likely to deteriorate. Immergluck and Smith (2005) measured the effects of foreclosures 1 to 2 years after they occurred and found that a foreclosure causes a 0.9 percent decline in house value for all homes within an eighth of a mile radius. Additionally, Cotterman (2001) found that a one percentage point increase in the default rate 4 We improve upon these previous studies in three ways. First, our data includes contemporaneous foreclosure and home sales so that the immediate (and arguably largest) foreclosure effect can be estimated. Second, the empirical models we estimate recognize the spatial correlation in the data providing some reassurance that any estimated foreclosure impact is not inflated by extraneous correlation between foreclosure and other spatially dependent processes. Finally, we motivate our empirical analysis with a model that suggests a mechanism through which foreclosure should impact home prices. This model drives our decision to analyze the effect of properties in any stage of the foreclosure process rather than the sale of leads to an estimated 14 percent reduction in home prices within a census tract. However, neither of these studies was able to explore both the time and spatial dimensions of the impact of foreclosures. It is unknown whether Immergluck and Smith's result would have been higher if the effect were measured immediately after the foreclosure or if the default rate examined by Cotterman has more pronounced effects at the parcel rather than census tract level. Lin et al (2008) improve on the previous analysis by estimating the effects of foreclosure over a five-year time range and at varying distances from the foreclosed property. They find that the largest effect of foreclosure reduces sale prices by 8.7% for closely neighboring properties and that the effect lasts for up to 5 years after the foreclosure. However, Lin et al (2008) do not distinguish between the direct effects of foreclosure and those effects that are propagated due to spatially dependent home prices. Due to neighborhood sorting, spatially dependent home prices, and the endogenous relationship between these and factors which influence default decisions, there remains uncertainty about the mechanics of neighborhood effects and whether they are directly a result of foreclosure due to some real change in home values, or a result of a spatial process whereby a depressed sale price of a foreclosed property artificially lowers neighboring sale prices.
foreclosed properties because we believe that it is the foreclosure process (e.g. the period of time between default and sale of the foreclosed property) which produces the market failure whereby neighborhood quality is neglected.
Theoretical Motivation
The neighborhood impact of foreclosures may result from changes in contributions to the local public good--neighborhood quality. Consider individual with utility defined by (1) where denotes non-house consumption, denotes a vector of housing attributes and denotes the neighborhood quality for neighborhood. The individual's contribution to is ;
however, is also considered to be a characteristic of the property and is a component of .
Thus, it has both direct and indirect benefits--direct because of the intrinsic benefits associated with a well-maintained home (e.g., enjoyment of a nicely maintained lawn) and indirect through its contribution to the public good.
Let (2) be individual budget constraint where is total income, the price of is normalized to 1, and the cost of neighborhood quality contributions is given by the function . In this model, represents the annualized cost of the purchase price of the home.
(3)
, on the other hand, is annual appreciation and therefore acts as income in the budget constraint. Note that appreciation may be zero, positive or negative depending on the current conditions. For a renter, this term is zero.
Maximizing (1) subject to (2) gives 5 In this static model, the purchase price does not change.
In (3), the right hand side is the marginal valuation of , while the left hand side is the net marginal cost. The model provides two motivations for why a homeowner in default and eventually foreclosure will decrease his/her contributions to neighborhood quality. First, for the case of an individual who is defaulting on their mortgage loan, the budget constraint is broken. Default means . Individuals must take steps to satisfy the budget constraint, eliminating any avoidable costs such as . Second, when foreclosure is unavoidable, the owner knows that appreciation will be lost; hence, there is no motivation to provide , so (3) becomes (4) Note, that for the same cost function and preferences, diminishing MRS implies that optimally chosen is greater in (3) than in (4). 6 Since is considered a good, we assume that .
These results are important for motivating our empirical analysis. They suggest that foreclosures should impact neighborhood home prices due to a real change in the neighborhood through lower neighborhood quality contributions. These decreased neighborhood quality contributions occur as soon as a homeowner has difficulty meeting his/her budget constraint and they receive further motivation when foreclosure becomes an inevitable event because in this case appreciation is lost. This implies a local neighborhood price effect of foreclosure that is independent of other spatial home price effects such as the provision of amenities to larger geographic areas (i.e. schools, distance to business districts, etc.) or spatial dependence in home prices due to real-estate pricing practices based on local comparables. The goal of our empirical analysis is to test this implication. Is there a local price impact of foreclosures that exists after other spatially dependent pricing effects have been properly accounted for? If this local price impact of foreclosure exists, then the model suggests a reason for it; i.e., changes in local neighborhood quality provision.
Since we desire to test for the price impacts of nearby foreclosures, we form measures of foreclosures at varying distances from each sale. The model does not specify the spatial boundaries for a neighborhood. It might be that neighborhood quality externalities are so local, that they can only be observed with a sufficiently small geographic boundary. Hence, we employ multiple definitions of sliding neighborhoods to understand the spatial reach of the externalities associated with foreclosure.
The model implies that should decrease as the number of foreclosures increases. We worry, however, about endogeneity confounding the interpretation of the hedonic price. In particular, increases in foreclosure may simply be an artifact of a declining trend in the neighborhood owing to an unobserved factor, such as changing labor market conditions.
Similarly, we can imagine that for neighborhoods in decline, foreclosure is a more viable option than in neighborhoods with appreciating values. To control for these effects, we specifically control for the spatial trend in sales prices.
Data
The data set used to estimate the hedonic models contains sales prices, characteristics, and i N externally determined but, the true definition of "local" is unknown. We approach this using sliding neighborhood definitions of 250, 500, 1000 and 1500 feet as discussed below.
The structural or site-specific characteristics, , are square feet of living area, square feet of the lot, number of bathrooms, age of the house, number of fireplaces, the number of stories, the condition of the property as coded by DCAD appraisers, the type of foundation, type of fence (if any), and the existence of a pool, attached or detached garage, attached or detached carport, central air conditioning, and central heat. The age of the house is actually the "effective" age in the sense that homes with significant refurbishing have had their age recoded by the DCAD. The foreclosure data were geocoded to the DCAD parcel file to facilitate calculating the number of foreclosures within 250 feet, 500 feet, 1000 feet and 1500 feet of sales. Thus, we added the variables F250, F500, F1000 and F1500 to each observation in the sales data set.
F250 is the count of foreclosures that are within 250 feet of the sale; F500 is a count of foreclosures that are between 250 and 500 feet from the sale, and etc. Thus, consistent with our theoretical model, we are using the foreclosure counts as proxy variables to measure declining local neighborhood quality. It is important to note that the counts are measured for concentric rings extending outward from the sale, thus, the total number of foreclosures within 1500 feet To isolate the local effects associated with foreclosures, we control for school effects and census block group population characteristics. For the 1700 plus block groups in the study area, we calculated the percentage of the population that is not Hispanic and is African American (NHBLACK), the percentage of the population that is Hispanic (HISPANIC), the percentage of the population that is greater than 65 years old (AGE65), the average household size (HHSIZE), and the block group owner occupancy rate (OWNOCC_BG). To control for the influence of schools, we tested two geographic definitions based on the public schools. First, we used dummy variables for the 324 elementary school attendance zones in the study area.
Second, we used dummy variables representing the 14 independent school districts. Both gave similar results so we report the estimates with the 14 school district dummies to conserve space. 
Estimation
The empirical analysis has two primary goals: first, estimate the hedonic price of an increase in foreclosures and second, determine its spatial reach. We begin with ordinary least squares regression; i.e.,
The dependent variable is the vector of home sale prices in 2006 (expressed as natural log).
is a matrix of site-specific characteristics, while contains block group-level controls for percent African American, percent Hispanic, percent over 65 years of age, average household size and percent owner occupied. is a matrix of dummy variables to control for any fixed effects across school districts and time (month in which the sale took place), while the main interest is on , the local neighborhood quality as measured by the counts of foreclosures at various distances.
A noticeable shortcoming of the model specified by equation (5) Adding in the measures of neighborhood trend gives 9 The number of observations was 23,960, 27,273, 28,549, and 26,456 respectively 10 All of these values are determined with the natural log of price so that they are in the same units as the dependent variable. 
Equation (7) is a spatial autoregressive model with autoregressive disturbances of order (1,1) (SARAR(1,1)) as presented by Anselin and Florax (1995) . The idea is to control for very localized spatial error dependence in an attempt to washout all but the direct effects of foreclosure.
The choice of distance thresholds for the nearby foreclosures and the spatial weight matrices was driven both by theory and data limitations. As noted previously, the distance thresholds used for nearby foreclosures (i.e. 250 feet, 500 feet, 1000 feet and 1500 feet), in effect, determine the size of the local neighborhood. For example, if we find that F250 is statistically significant, but F500 is not, then foreclosures have neighborhood price impacts that extend only 250 feet. The choice of these distances was simply for ease in interpretation-one can easily envision such increments.
The choice for the distance employed in the spatial weight matrices, on the other hand, were driven by data limitations. (6) with OLS, we dropped the endogenous variable. Next, we use maximum likelihood (ML) estimation for the models specified by equations (6) (spatial lag) and (7) (SARAR(1,1) ). Then, we implement the generalized method of moments (GMM) estimator presented by Prucha (1998 and 2006) , which makes no distributional assumptions, but requires a large number of observations. This model is particularly appealing because it allows for a heteroskedastic error structure. Kelejian and Prucha (2006) note that if the error structure is heteroskedastic, then the ML estimates are biased and the non-heteroskedastic GMM estimates are no longer normally distributed in the limit. Below, we present limited sets of coefficients for these specifications but all of the estimated coefficients are available from the authors.
Results
The results for the OLS estimates are reported in Table 4 . OLS1 is simply a hedonic regression to test our basic model specification. All of the housing attributes are of the expected sign and seem to "make sense". For example, central AC is priced more than twice as much as central heat, reflecting the climate in Dallas, and an iron fence commands an approximate 16% premium. OLS2 includes the owner occupancy rate at the block group level and whether or not the owner lives in the house after the sale, OWN. The coefficient on OWN is significant and positive.
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Turning to the foreclosure variables in OLS2 (F250, F500, F1000 , and F1500), we see the expected effects. Foreclosures are statistically significant in every ring and the hedonic price is greatest in the inner ring and this tails off for the next two rings. The outer-most ring has approximately the same impact as the 500-1000 foot ring. The final OLS model, OLS3, includes controls for previous period sale prices. As expected, all of the coefficient estimates for previous period sale prices are statistically significant and positive. However, the other coefficient estimates remain relatively unchanged.
11 In a regression without OWN but with OWNOCC_BG, we found that the addition of OWN' to the regression caused the effect of OWNOCC_BG to fall by approximately 67%. Table 5 shows the coefficient estimates from the ML models that include parameters for spatial dependence. Our goal for ML1 is to see if the results are robust to the inclusion of neighborhood price trends. Note that the spatial lag specification allows for inclusion of the full four-year price trend from [2003] [2004] [2005] [2006] . If any coefficients lose statistical significance, endogeneity may be a better explanation of the foreclosure effects found in the OLS models.
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The spatial lag model estimated by ML1 still does not correct for spatially dependent errors, which can lead to inefficient estimates. Thus, the second model in Table 5 , ML2, is equation (7). Most of the results are similar across the three models displayed in Table 5 . However, the coefficient estimates for some variables, especially those that would seemingly be spatially correlated, do change. For example the housing condition variables have increasingly lower standard errors as we move from OLS3 to ML2. Additionally, two block group level controls, AGE65 and OWNOCC_BG, are no longer statistically significant in ML2. Additionally, the coefficient on HISPANIC is positive in ML2. The foreclosure effects remain essentially intact-the outer two rings are not significant in ML2, suggesting very localized impacts from foreclosures.
Next, we compare alternative estimation techniques for the SARAR(1,1) model (equation (7)). The final regression in Table 5 results from a GMM estimation with heteroskedastic errors. First, note the difference in the estimates of and , the spatial autoregressive parameters. Both are less than the ML estimates. There is not an obvious way to choose between the models. In terms of requirements on the model, however, the GMM is superior for two reasons. First, it does not seem likely that the errors in a property valuation model are homoskedastic and, second, the strong assumption of normality in finite samples required by ML estimation is potentially problematic. Thus, we favor the GMM estimates.
One of the obvious differences between the spatial models and the OLS models is the lack of robustness in the census block group level measures. In GMM, neither HISPANIC, AGE65, nor OWNOCC_BG is statistically significant. On first inspection, these results are quite surprising. However, one can imagine that, with spatial autocorrelation, the coefficient estimates for HISPANIC (for example) are influenced more heavily by isolated block groups with high Hispanic populations than other block groups that are located in close geographic proximity to one another. In our data, concentrated areas of minority block groups are more ρ λ likely to occur in poorer rather than richer neighborhoods. This points to a problem when using block group level (or larger) aggregations. Because of sorting in residential housing, the majority of the variation in these block group level variables is spatially correlated. Thus, they lack the variation necessary to accurately estimate their impact on house prices when spatial correlation is controlled for.
Of primary interest, are the results for the foreclosure variables. For the GMM model, foreclosures are significant when they occur within 250 feet, between 500 and 1000 feet and between 1000 and 1500 feet of a sale. However, the magnitude of the effect of a foreclosure is five times greater in the inner ring so we focus on these effects. With the log-linear form, the direct effect of an additional foreclosure on the average house may be calculated by multiplying the coefficient for that ring by the average sale price; hence, the hedonic price of an additional foreclosure within 250 feet is $200,000 × -0.005 = $1,000. Additionally, with the endogeneity of price in the spatial lag specification, we may calculate the total effect of an additional foreclosure as times the direct effect, Our results indicate that the effects of nearby foreclosures are capitalized in the housing market and that the impact is negative. We found robust evidence that foreclosure within 250 feet of a sale depreciate selling price. This evidence is consistent with our hypothesis that as a result of a foreclosure event neighborhood quality decreases as strapped residents divert their expenditures away from routine maintenance. Researchers rarely observe very local neighborhood quality; hence, this paper provides a unique look at plausible values.
It is important to emphasize that we did not estimate the influence of sales of foreclosed properties on nearby sales. The foreclosure variable we use identifies properties in some stage of the foreclosure process which we argue signals a decrease in neighborhood quality provision on the part of the defaulting homeowner. This then facilitated our goal of identifying the 12 The spatial multiplier for a spatial lag model is calculated as , but this reduces to when the weight matrix is standardized (Kim et al, 2003) . 
